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SOCIETY FOR NEUROSCIENCE

11 Dupont Circle, NW & Syie 500 @ Washington, D L 20036 » 202.462 6688

October, 1990

Dear Reader:
Welcome to Brain Facts.

This booklet, approved by the Society for Newroscience governing
Council in October, 1989, is intemded to provide an introduction to
the rain and nervous system and their disorders. It is one part of
the Society's contimuing effart to educate the public about
newaroscience.

Designed for use by high school bioclogy teachers and science
reparters, Brain Facts also can he used in likraries, schools,
colleges and hames by anyone who needs to read, write, teach or
learn about the brain.

while Brain Facts spans a wide range of newroscience, it does not
pretend to and cammot cover everything in depth or all subjects
that are relevant. The Society plans to update Brain Facts as the
pace of research warrants.
I hope you find it useful.

Sincerely,

Patricia S. Goldman-Rakic, rh.D.
President
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INTRODUCTION

t has allowed humans to domnate all other species,

walk on the moon and compose masterpieces of literature, art and music. Throughout recorded time, the
human brain — a spongy, three-pound mass of gray and white matter — has been compared to a radiator to
coci the blood, a relephone switchboard and a supercomputer.

But the brain 1s much more complicated than any of these, a fact scientists are confirming almost daily
with each new discovery. The extent of the bran’s capabulities 1s unknown but 1t is certainly the most complex

hiving structure we know of in the universe.

This single organ directs the major acts of lwving The
brain controls all be hily activities. ranging trom heart rate
and sexual function to emotion and learming. It 15 even
thought to influence the body's immune system response
1o disease and how well people respond to medical treat-
ments. Ultimately, it shapes our thoughts, hopes. dreams
and imaginanion. In short, 1t 1s what makes us human.

As early as the sixth century, B.C., when Greek
philosophers suggested it was the "organ of the mind.”
humans have been trying to understand the brain, By the
17th century, the brain’s general outline became clear
through anatomical examinations. Rigorous study was
sumulated in 1891 with the formal pronouncement that
the nervous system was made up of nerve cells.

Neuroscientists. who represent a relatively voung
hield of science. have the daunung task of deciphening the
mystery of the most complex of all machines: how some
200 billion nerve cells and a inllion supporting cells are
produced. grow and orgamize themselves nto effective,
funcuonally active systems that stay in working order
throughout a person’s lifetime.

The mouvation of researchers 1s twolold' to under-
stand ourselves better — [rom how we leam 1o why peo-
ple have trouble getting along together — and to discover
Wways 10 prevent or cure many devastaung brain disorders

Indeed. the more than 1,000 disorders of the brain
and nervous system resull in more hospitalizanons than
anv other disease group. including heart disease and can-
cer. Neurological 1llnesses aifect more than 30 milion
Amencans annually at costs exceeding $120 hilhion.
Mental disorders stnke 19 miilion adults a vear at a cost
ot some $104 hillion. Children also sutfer. Hundreds ot
thousands of voung Amencans are alfected by mental re-
tardation, behavioral disorders and developmental prob-
lems that have no cure

Much has been uncovered about these and other dis-
orders and the brain wseif dunng the last two decades. Key
to this progress has been better ways of examining the ner-
vous system. New techniques, including the powerful t1ools
ol molecular genetics. now promise 10 uncover even more.

The Congressionally-designated Decade of the Brain,
which began in 1990 with annual federal neuroscience
research support of roughly $1.2 hllion, should greatly
expand our knowledge of the brain. Dunng this decade.
basic scientists are focusing on the nervous system's fun-
damental workings while chimicians are studying better
ways of canng for patients with brain disorders.

Improved methods of prevention. diagnosis and
treatment are sure to follow. On the honzon are new
drugs for neurological diseases and aruficial sensorv sys-
tems for damaged heanng and sight. Scienusts are rapidiy
discovenng gene markers for many hereditary neurologic
and psychiatnc diseases. Ulumately, researchers hope 1o
discover the biochemical defects these genes control so
they can prevent or correct them.

Neuroscientists have identified major areas of
extraordinary promise: how the brain develops and main-
tains itself, how 1t acquires, stores and uses information;
how 1t regulates the body. how 1 expresses rhvthms,
dnives and emouons; and what 1s altered 1n the hrain by
neurologic and mental disorders

Our understanding of the bram sull contains many
gaps in knowledge. At best. our comprehension of percep-
tion, learming, memory. language and mood 1s rudimentarny
But the methods are available to understand these processes

This booklet descnibes oniv a ghimpse of what 1s
known about the nervous system. brain disorders, and
the exciing avenues of research that promise new ther-
apies for many of the most devastaung neurofogical and
psychiatne diseases

S
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Eye Disease 80,000,000* $ 16 billion
Hearing Loss 28,000,000 56 billion
Alzheimer's Diseasc 4,000,000 80 billion
Decpression 3.500,000¢ 16 billion
Stroke 2.000,000 25 billion
Epilepsy 2,000,000 3 biliion
Schizophrenia 1,110,000¢ 21 billion
Tiaumatic Head Injury 1,000,000 25 billion
Parkinson’s Discase 500,000 2 billion
Traumatic Spinal Cord Injury 250,000 2 hillion
Multiple Sclerosis 250,000 2 billion
Brain Tumors 62.000 325 million
Amyotrophic Lateral Sclerosis 30,000 300 miilion
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Brais, Cerebral vortex tabove ).
This part of the bran s divided
o four sections: the ocapual
lobe. the temporal lobe, the pan-
ctal lobe and the prond lobe
Funcuons, such as vision, hear-
g and speech. are distmbuied
m selected regons. Some regions
are associated with more than
one {upciion. Major internal
structures thelow) The jore-
bramn s credited with the highest
intellectual tunctions — think-
ing, planning and problem-soly-
mg. The limbie ssstem — the
umvgdala,  hippocampus.  and
septum which v not shown
here) and parts of the cortex —
Ml help regulate emonion. mem-
orvand certam aspects of move-
ment. The thalamus serves as a
relav stanon for almost all the
informanon coming into the
brain Nenrons i the hypotha-
lamus serve as relay stagtons for
micrnal  regulatory  svarems.
momtonng imlormation coming,
1 from the autonomic nervous
avstem and commanding the
hodsy through those nerves and
the priuntars. O the upper sur-
face of the mudbram are 1wo
pauirs of small hille. colliculi,
collections ol cells that relay
specthic sensory anformanon
{rom sense organs to the brinn
The hundbiran consisis of the
pons and medufla, which help
vontrol respiration and heart
rhythme, and the corebellum
which hielps control movement
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THE NEURON

he neuron. or nerve cell, 1s the basic working unu

of the brain. It 1s a speciaiized cell designed to transmt information to other neurons, muscle or gland cells.
The brain 1s what 1t 15 because of the structural and funcuonal properues of neurons.

A neuron consists of a cell body containing the nucleus and a conducung fiber, the axon, which may
branch into smaller axons before terminating. Along its course and at the ends of 1ts branches. the axon forms
synapses (from the Greek words meaning to “clasp together™ with nearby neurons. Other cell processes. termed
dendntes (from the Greek word for the branclies of a tree). extend from the neuron cell bodv. The dendntes
and cell body are covered with synapses formed by the ends of axons ot other neurons.

Neurons signal by transmitting electrical impuises
along their axons which can range 1n length from a uny
fraction ot an inch 1o three or more feet. Many axons are
covered with lavered insulaung myelin sheaths made ot
speciahized cells which speed the transmission of electncal
signals along the axon.

Nerve impulses involve the opening and closing of
on channels, water filled molecular tunnels that pass
through the cell membrane and allow charged atoms or
small molecules 1o enter or leave the cell. The flow vfons
across the cell membrane creates an electnical current that
produces tny voltage changes across the membrane. On
reaching the ends of an axon. these voltage changes tngger
the release of special chemicals. neurotransmutters. which
relay the impulse 1o the next neuron The ability of a neu-
ron to fire depends on a small difference n electncal po-
tent1al between the inside and outside of the cell When a
nerve impulse begins, a dramatic reversal occurs in this
potential at one point on the cell's membrane. The change.
called an action potennal. then passes along the membrane
ol the axon at speeds up 1o several hundred miles an hour
In this way. a neuron may be able 1o fire impulses ~cores
ar even hundreds of umes every second.

Neurotransmiutters released at nerve endings act by
hinding to receptor molecuies present on the surtaces of
N Rros A neuron hres by tansmittig clectnical signals
Along its dvons. When they reach the oend of the asons, the
stgnals tniggers the reledse of newrorransmuters which are
stored i ponches called svnapne vesides, Nearotrans.
mittees and 1o receptor moleades. which are present on the
surfaces of adpacent nearons. This interaction relavs the
message 1o the nest neuron s point ol contact s hknown

as the sy napse

neurons These receptors act as on and off switches tor the
next cell. Each receptor has a disuncly shaped pan that
exactly matches a particular chemical messenger. A neu-
rotransmitter fits into this region in much the same wav as
a kev hits an automobile ignition. And when 1t does. 1t al-
ters the neuron's outer membrane and triggers a change,
such as the contraction of a muscle or increased activity of
an enzyme-producing ceil.

Receptor molecules for neurotransmiters are dffer-
¢ent trom sensory receptor cells. The skin tor instance. con-
lains manv types of sensory receptor cells that respond to
stmub such as pressure. touch, heat. cold and hair move-
ment. The ear contains a structure cailed the cochlea.
which houses speciahized receptors that respond to sound:
another set responds to movements ot the head. providing
the sense of balance Other specialized receptors are io-
cated 1n the eves, nose and mouth.

Knowledge of neurotransmniers in the bran and the
action of drugs on these chemicals — ganed enurely through
the study of ammais — 1s one of the largest fields in neuro-
saience. Armed wath this informanon. scienusts hope 1o un-
derstand the aircuits that may be responsible for disorders
such as Alzhemmer s disease and Parkinsen s disease. Sorung
out the vanous chermical arcuns i also vital to understanding
how the brain stores memones. why sex 1s such a powertul
motvitor and the lological basis of mental illness.

NTUROTRANSMET 11RS

Acetvicholing » The hirst neurotransmitter 1o be identitied
more 1han 00 vears ago. acetvichohne (ACht s the sian-
dard by which all others are judeed. ACh 15 released by
neurons connected to skeletal muscies wausing them 1o
contractt and by neurons that control the heart beat. i
Also transmsis messages between neurons in the brain and

8



spinal cord. Interlerence with the action of ACh on skele-
tal muscles 1s the cause of myasthema gravis, a disease
charactenzed by easy fangabihity and weakness of muscles.

ACh 1s formed at the axon terminals or synthesized
in the cell body of the neuron and transported down the
axon to the terminals. When an action potential arnves at
the termunal. the calcium 1on rushes in and ACh is released
into the synaose and attaches to ACh receptors. In skeletal
muscles. this opens sodium 1on channels, causing the mus-
cle to contract. ACh 1s then broken down and reused.

Much less 1s known about ACh in the bramn. Recent
discovenes suggest, however, that 1t may be cnucal for
normal intellectual actvities. Since ACh-releasing neurons
are depleted in Alzheimer's pauents. finding wavs to re-
store *his chemical 1s a major goal of current research.

Amino Aads ® Certain amino acids are widely
distnbuted in the brain and other body us-
sues but since they perform so many
roles within cells, scientists disagree
on how to distinguish their action
as transmitters from vther tasks

The neurotransmitters glu-
tamate and aspartate act as
excutatory signals. Glvcine and
gamma-amino  butync  aad
(GABA) hibut the finng ol
neurons. The acuvity of GABA
1s increased by benzodiazepine
(Valium) and by anuconvulsant
drugs. It has been suggested that
people with Hunuington's chorea
have degeneration of GABA-producing,
neurons in the brain centers that coord-
nate movement.

Glutamate or aspartate probably sumulate
so-called N-methyl-D-aspartate (NMDA) receptors which
have been imphicated in activiies ranging from learming,
and memory to development and specification of nerve
contacts 1n a developing ammal. The sumulation of
\MDA receptors may promote beneficial changes i the
brain, whereas oversumulation can cause nerve cell dam-
age or death 1n neurological trauma and stroke.

Kev questions remain about their precise structure.
regulation, location and function Unravehing these 1ssues
and developing drugs to block or encourage activity at
NMDA receptors hold promise for improving brain func-
non and treaung neurological disorders. But this work is
just at the beginminy stage.

Catecholamines ® Dopamine and norepinephnne are
widely present m the brain and penpheral nervous system.
Dopamine, which 1s present in three circuis in the bran.
is th. vght 1o plav a role 1n movement. regulating emo-
tior ai responses and schizophrenia

In one circuit. dopamine regulates the endocrine

ACTION OF
NEUROTRANSMITTERS
IN THE BRAIN PLAYS A VITAL
ROLE IN KEY BODILY FUNCTIONS,
RANGING FROM LEARNING AND
MEMORY TO MOVEMENT

AND EMOTION,

svstemn. It directs the hypothalamus 1o manufacture hor-
mones and hold them in the puutary gland for release into
the bloodstream, or inggers the discharge of hormones
held 1n cells in the puunary.

The dopamine circuit regulating movement has been
directly related to disease. The brains of people with
Parkinson's disease — which causes muscle tremors,
ngidity and difficulty 1n moving — have pracucally no
dopanune. Thus. medical scientists found that use of lev-
odopa, a substance from which dopamine 15 manutfactured,
was a useful treatment for Parkinson's patients.

Another dopamine circunt 1s thought to be important
for cogmuion and emotion; abnormalities 1n this system
have been implicated in schizophrema. Since drugs that
block dopamine receptors mn the brain are helpful in

dimmmshing psychotic symptoms, lz»rning more
about dopamine is important U+ aderstand-
mg this iliness.

Nerve fibers contaiming nore-

pmephrine are ubiquitous 1n the
brain. Norepinephnne 1s secreted
by the adrenal gland 1n response

10 stress or events that produce

arousal. Deficiencies of this

Lransmitier occur in patients

with Alzheimer's and in those

with Korsakoff's syndrome, a

cogmuve disorder associated

with chronic alcoholism. Thus,
researchers believe norepine-
phnne may plav a role 1n learning
and memory.
Serotomin * Present in manv 1s-
sues, particularly blood platelets. the lining
of the digestive tract and the brain, serotonin was
first thought 1o be mvolved 1n high blood pressure be-
cause 1t 1s present 1n blood and nduces a very powerlul
contraction of smooth muscles. In the bran. 1t has been
implicated in states of consciousness. mood. depression
and anxiety. Because serotomn seems to control the differ-
ent switches affecung vanous emouonal states. scientists
believe these switches can be blocked by an anulog, a
chermical wath a similar molecular structure Researchers
are activelv looking for such chemicals.

Pepudes * These chains of amino acids hinked
together have been studied as neurctransmatters only in
recent vears. Brain chemicals called oprods — many of
which are peptides — range trom acting ke opium
to kil pamn 1o causiug sleepiness. (Peptides ditler from
protems which are riuch larger and more complex combi-
nations ol amine aads ) In 1973, scientsts discovered re-
ceptors for opiates on neurons in several regions in the
hrain which suggested the brain must make substances
very sumilar 1o opium. Shorly thereatter. scientists made



therr hirst discovery of an opiate produced by the brain that
resembles morphine. an opium denvauve used medically
to kill pain. They named it enkephalin, luerallv meaning 1n
the head." Subsequently, other opiates known as endorphins
— {rom endogenous morphine — have been discovered.

The precise role of the opioids in the body 1s unclear.
A plausible guess 1s that enkephalins are released by brain
neurons 1n times of stress to mimimize pain and enhance
adapuive behavior. They may explain. for example, why a
munor injury recewved dunng athletics 1s often not nouced
untl hours after 1t has occurred.

Opioids and their receptors are closely associated with
pathways in the brain acuvated by panful or ussue-
damaging sumuli. These signals are transmitted to the
central nervous system — the brain and spinal cord — by
small myelinated fibers and tiny unmyelinated or C fibers.

Scientists have recently discovered thar some
C fibers contain a chemical, substance P While not vet
proved. 1t seems reasonable to believe substance P 1s one
of the chemicals released at the synapses the C fibers make
in the spinal cord,

Hormones o After the nervous system. the endocnne
system 15 the second great communication system of the
body. It works through the pituntary which secretes hor-
mones into the blood. As endorphins are released from the
puuitary gland, they are almost by definiion endocrine
hormones. Hormones activate specific receptors in target
organs that release other hormones inio the blood that act
on other ussues, the pituntary itself and the brain. This sys-
tem 1s very important for the activation and control of ba-
sic behawvioral activities such as sex, emotion, response to
stress and the regulation of body functions such as growth,
crergy use and metabohsm.

Hormones act by attaching to receptors on cells
that are simular to neurotransmitter receptors: a specitic
hormone receptor will be «ctivated only by a specihc
hormone. The entire svstem 1s under the control ot the
puuntary gland, located ar the base of the brain. The
pituitary, in turn. 1s controlled by the hypothalamus.

Actions of hormones show the bran 10 be a very
malleable organ that responds to environmental signals.
The brain contains receptors {or thvroid hormone and tor
the six classes of steroid hormones — estrogens, androgens,
progestins, glucocorticords, mineralocorncowds and vitamin D
The receptors are found in selected populations of neu-
rons and also in some ghal, or support. cells Thev mind to
venetic matenal and regulate vxpression of yenes in the
cell nucles.

In response o stress and changes m our boloweal
docks — such as dav-and-night avides and jet-lag —
hormones are dumped mnto the blood and travel 1o the
brain and other organs. In the brain. they alter the produc-
ton of gene products that participate in Synaptic neuro-
transmission as well as the structure of bram ceils As a

-

result, the circuitry of the brain and 1ts capacuty for neuro-
transmission are changed over a ume course of hours to
days In this way. the brain adjusts its performance and
control of behavior 1n response to a changing environment.

Reproducuion 1s a good example of a regular. cychc
process dnven by airculaung hormones: the hypothalamus
produces gonadotropin-releasing hormone, a pepude that 1s a
special hormone, which acts on cells in the piuitary. in both
males and females. this causes two hormones — ollicle-
sumulanng hormone (FSH) and luteimizing hormone (LH) —
10 be released into the bloodstream. In males. these hor-
mones are carned to receptors on cells in the testes where
they release the male hormone testosterone into the blood-
stream. In females. FSH and LH act on the ovaries where
they cause the reiease of the female hormones estrogen and
progesterone. in tum, the increased levels of testosterone in
males and estrogen in females acts back on the hypothala-
mus and pituitary 1o decrease the release of FSH and LH.
The increased levels also induce changes in cell structure
and chemistry which lead to an increased capacity of the
arnimal to engage 1n sexual behavior

INTRACEILL L AR MESSENGERS

Recently recogmized substances that tngger biochemical
communication within the cell membrane, second messen-
gers may be responsible for long-term changes in the
nervous system. They convey the chemical message of a
neurotransmiiter (the hrst messenger) from the cell mem-
brane 1o the cell's biochemical machinery. Second messen-
gers take anywhere from a few milliseconds to minutes to
transmit a message.

An example of the inminal step in the activanon of a
second messenger svsiem involves adenosine tnphosphate
tATP), the chemical source of energy in cells. ATP is present
throughout the cell. When the receptor molecule 1s acti-
vated by 1ts chemical messenger or transmitter tthe tirst
messenger), it causes ATP to undergo a chemical reaction
that produces another chemmical. cvclic adenosine monophos-
phate (cAMP). The enzyme that induces this reaction 1s
adenvl cyclase. cAMP can exent a vanety of influences on the
cell. ranging from changes in the membrane to changes in
the activity of the genetic matenal in the nucleus. rather
than acung as a messenger between one neuron and an-
other ¢cAMP 15 called a second messenger because 1t acts at-
ter the first messenger. the transmitier chemucal, has
crossed the synaptic space and attached to a receptor

Second messengers are also thought to play a role 1in
the manufacture and release of neurotransmitiers, intracel -
lular movements, carbohvdrate metabolism in the cere-
brum — the largest part of the brain consisting of two
hemispheres — and possibly processes ot growth and de-
velopment. Direct effects of these substances on the we-
netc matenal of cells mav lead 1o long-term alterations of
behavior such as memory

9,



BRAIN DEVELOPMENT

rom the single cell formed at conception, the first

signs of the brain appear dunng the next three weeks when the human embryo grows to a length of about a
tenth of an inch. An imual group of cells are connected 1nto a hollow, elongated structure called the neural tube.
At the front of this tube a swelling appears that eventually develops into the brain.

By five weeks. all the major brain regions are recog-
nizable. Brain cells mulnply very rapdlv at two penods:
age 15 to 20 weeks in the womb and again at a very fow
level a1 25 weeks unul about a vear after birth Eventuaily,
the central nervous system develops into a network ot bil-
lions of neurons that migrate to preordained places to torm
the major circunts of the brain and spinal cord. These cells
are all generated before birth and no new ones are formed
thereafter. In other words. we are born with virtuaily all
neurons that will form the adult brain. If anythung, neurons
are overproduced and excess cells and processes are
“pruned” over the course of development. This process 1s
influenced by expenence and by genetic programs.

All the neurons and many ghal cells that will com-
pnise the vital structures of the central nervous sysiem are
yenerated 1n germnal zones. They migrate 1o their final po-
siions in nuclear groups and lavered structures such as the

cortex As they migrate. they form transient contacts with
other migrating elements but once they reach their ulimate
locations. they begin 10 dufferenuate into specific cells with
~pecific biochemical properties and connections.

Once cells have attained their ulumate residence.
further development consists of enlargement. elaboration
of axons and dendrites and finally the establishment ot
synapses with other cells. Humans. monkeys and rats ex-
penence a penod of excess synapses {roughly 1'/: vears in
humans and 2 to 4+ months in monkeys) and the density
of synapses decreases to aduit levels at the ume of puberty.

The basic principles of brain development are be-
ginning to be known and appear to be similar across all
mammals. Dunng the next few vears. scienusts should be
able 1o capitahize on these pninciples to ennich the under-
standing of developmental disorders caused by defects in
these regulatory processes.

Brais Diviiopsist. The human brain and nervous sysiem brean at three weeks gestanion as the dosing newr et tube Jdefry By
jour weeks. major regions of the human brain can be recogmzed m prmitve form. including the forebram. midbrain, hinsibrsun
and opiig vesle trom which the eve develops), Convolunons urregular ndges ) appear durning the nuddle ol pregnancs and
are clearly seen by +'x months. Because the fully developed buman brain contaims 100 Mllion neurons and no more are added
after birth. they must be generated at a rate of more than a quarter ol 4 million per minuie durnng deselopment.

Forehrain o Midbrain
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SENSATION AND PERCEPTION

iston, This wonderful sense allows us o percewe

form. color. depth and movement 1n the world around us, from the genius of Michelangelo's Sisune Chapel
cerling 10 must-filled vistas of a mountain range. Vision 1s one of the most dehicate and complicated of all the
senses. 1t 1s also the most studied. More is known about vision than any other vertebrate sensory system, with
most of the information denved from studies of monkeys and cats.

Pnmates. including humans, have well-developed vision using two eyes. Visual signals pass from each eve
along the million or so fibers of the optic nerve to the optic chiasm where some nerve fibers cross over, so
both sides of the brain receive signals from both eyes. Consequently, the left halves of both retinas project to
the left visual cortex and the nght halves project to the right visual cortex.

The eftect 1s that the left half of the scene you are
looking at registers 11 your nght hemisphere. Conversely.
the nght half of the scene you are looking at registers in
vour left hemisphere. A similar arrangement aprhes to
movement and touch: each half of the cerebrum 1s respon-
sible tor the opposite half of the body

Scientists know much about the way cells code visual
information in the reuna. lateral gemculate nucleus — an
intermediate point between the retina and visual contex — and
visual cortex. These studies give us the best knowledge so far
about how the brain analyzes and processes :nformation

The retina contams three stages of neurons. The first.
the laver of rods and cones, sends s signals 1o the middle
laver which relays signals to the third layer Nerve fibers
irom the third layer assembie 10 form the optic nerve Each
cell in the muddle or third layer receiwves input from many
cells in the previous layer Any cell in the third layer thus
recewves signals (v1a the middle layer) from a cluster of
many thousands of rods and cones that cover about a
square milhmeter This region 1s called the receptive field
of the third-laver cell

About 40 years ago. scientists discovered that the
recepuive field of such a cell 1s activated when hght hus a
tiny region n us recepuive field center and 1s inhibited
when light hiis the part of the receptive field surrounding
the center 11 hght covers the entire receptive field. the cell
reacts only weakly and perhaps not at all.

Thus. the visual process begins with a companson of
the amount of hght stnking any small region of the retina
with the amount of hght around 1

Located m the ocapital lobe, the primary visual
corten — two mullimeters thick and densely packed with
cells in manvy lavers — receives messages from the lateral

gemculate. In the middle laver, where these messages first
arnve, scientists found patterns of responsiveness similar
1o those obscrved in the cells of the reuna and lateral
geniculate. Cells above and below this layer responded
differently. They preferred stimuli in the shape of bars or
edges. Further studies showed that different cells pre-
ferred edges a1 particular angles, edges that moved or
movement 1n a particular direction.

While the process s not yet completely understood.
recent findings suggest that visual signals are fed mto
at least three scparate processing systems. One sysiem
appears to process information about shape: a second,
color; and a third, movement. locanon and spatial orga-
mzation These findings of separate processing systems
come from monkey anatomical and physiological data
They are venfied by human psychologcal studies show-
ing that the perception of movement, depth, perspective.
the relative size of objects, the relatuve movement of ob-

jects and shading and gradauons in texture all depend

primanly on contrasts 1n light intensity rather than color

Why movement and depth perception should be
carried by only one processing system may be explained
by a school of thought called Gestali psychology. Percep-
hion requires vanous elements to be orgamzed so that
related ones are grouped together This stems from the
brain's abihity to group the parts of an 1mage together
and also to separate images from one another and from
those in the background

How do all these systems produce the solid images you
see? By extracting biologically relevant information at each
stage and associauing finng patierns wath past expenence

Vision studies have also led to better treatment for
visual disorders Information from research 1n cats and
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HearnG. From the chirping of
crickets 1o the roar of a rocket
cngine. almost all of the thou-
vands of single tones processed
bv the human ear are heard by
4 mechanism known as air con-
duction. In this process. sound
waves are first funneled through
the externallv visible part of the
car. the pinna tor external can?
and the rxternal duditory canal o
the tympunic membrane tear-
drum) which vibrates a1 differ-
¢nt speeds. The mallers tham-
mer) which 1s attached 10 the
ivmpanic membrane. transmits
the vibrations 10 the incus (anwl).
The vibrations are then passed
on 1o the staprs (surrup) and
oval window which passes them
10 the 1nner ear. In the inper car.
the fluid-hiled spiral passage of
the cochlea contains vells whose
microscopie.  hairdike  projec-
t1ons respond 1o the vibrations
produced by sound. The hair
cells. 10 turn. excite the 28.000
hbers ol the auditory nerve that
¢nd n the medulla in the bran.
vuditory informanon Hows via
the thalamus to the 1emporal
grrus, the part of the verchral
coriex imyolved 10 recenang and
perees mg sound.
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monkeyvs has improved the therapy for strabismus, or squint, a term {or cross-eye or
wall-eve. Children with strabismus smially have good vision 1n each eye. But because
they cannot fuse the images in the two eves. thev tend to favor using one eye and of-
ten lose useful vision 1n the other eye.

Viston can be restored but only duning infancy or early childhooed. Bevond the
age of six or so. the blindness becomes permanent. But unnl about a decade ago.
ophthalmologsts waited unul children reached the age of four before operating to
align the eyes or prescnbing exercises or an eye patch. Now strabismus 1s corrected
very early in life — well before age four — when normal vision can sull be restored.

Hi ARING

Olten considered the most imponant sense for humans. heanng allows us 1o com-
municate with each other by receiving sounds and interpreting speech. It also gives
us information yital to survival. such as the sound of an oncoming irain which tells
us Lo stav clear of the railroad track.

Our heanng system disuinguishes several quahties in the signal it detects, just
iike the visual system. Pitch — high or low —1s determined by the frequency of
sound waves. Loudness is a measure of intensity. Timbre 1 the muxture of frequencies

However. our heanng svstem does not blend ditferent sounds. as the visual svs-
\em does when two different wavelengths of ight are mixed to produce color. We can
jollow the separate melodic hines of several instruments as we hsten to 2n orchestra
or tock band. The brain's analvsis of auditory information follows a pattern similar
1o that of the visual system, Adjacent neurons respond to tones that are only a note
apart. Some neurons respond 10 only a small range of {requencies: others react 1o a
wide range: some react only to the beginnng of a sound: others onlv 1o the end.
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Speech sounds. however, may be processed differently than others. Qur auditory
svstem processes all the signals it recewves in the same way unul they reach the pnmary
auditory cortex 1 the temporal lobe of the brain. When speech sound 1s perceived. the
neural signal 1s funneled 1o the left hermisphere for processing 1n language centers.

SMELL WD Tastt

Although different. these two sensory expenences are inumatelv entwined. Smell and
1aste are separate senses with their own receptor organs. However, these two senses
act together to allow us to distinguwish thousands of di'ferent flavors Alone, taste 1s
a relatively pnminve sense. able to distinguish only petween sweet. salty, sour and
hitter. This combination explains why loss of the sense of smell also apparently
Causes a serious reduction in tasie. Like other sensory sysiems. the smell process 1s
probably based on a physical fit hetween the odor molecules and receptor sites
Receptors on some cells, for example. may react only with molecules ol garhic, others
~nly with molecules of bleach The moiecules must dissolve 1n the mucous mem-
brane himng the roof of the nose before they can sumulate the receptors.

Totc D Pan

Fouch 18 the sense by which we determine the charactenistics of abjects size, shape
\nd texture. We do this through touch receptors in the skin in hairy skin areas, some
receptors consist of webs of sensorv neuron endings wrapped around the hair bulbs.
Lhev are tnggered if the hairs are moved. Other recepiors are maote common i non-
hairy areas, such as lips and hngerups and consist of neuron endings that may be ree
or surrounded by bulblike structures

Signals from touch receptors pass through sensory nerves to the spinal cord.
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Smitr asp Tawte. Specialized
«mell receptors are located 1n a
small patch of mucous mem-
brane lining the roof of the nose.
Axons of these cells pass through
perforations n the overlving
hone and enter two elongated
olfactory bulbs lving on top of
the bone. The receptor cell bod-
ies are swollen at thair lower
cnds and attached to several hair-
like rilia containing the receptor
siies sumulated by odors carned
bv airborne molecules. Impulses
created bv this simulation pass
by olfactorv nerve pathwavs to
smell centers located in the
frontal lobe and limbic svstem of
the bramn.

Tastes are detected bv spe-
ual structures. faste buds. of
which every human has <ome
10.000. Taste buds are embed-
ded within papilue (protuber-
ances) mamlv on the tongue.
with a few in the back of the
mouth and on the palate. Lach
taste bud consists of about 100
receptors that respond 1o the
four 1vpes of stimuli — sweet.
saliy, sour and bitter — from
which all 1astes are tormed. A
~ubstance s tasted when chem-
1cals 1n foods dissolve 1n sahiva
and cnter the pores on the
tongue and come in contact with
taste buds. Here they snmudave
hairs projecting from the recep-
tor colls and cause signals 1o
e semt from the cedlsl via
svnapses. to cramal perves and
tasie centers in the bramn,



Patn. Messages about tissue dam-
age are picked up bv recepiors
and transmitied to the spinal
vord via small myelinated and
unmyelinated fibers. From the
spinal cord, the impulses are
carried 1o the brainstem. thala-
mus and cerebral cortex. and
ultimatcly perceived as pamn.
These mussages are suppressed
bv a svstem of neurons that
originate n the grav matter 1n
the brainstem of the midbrain.
This descending svstem sends
messages o the dorsal horn
of the spmal cord where 1
suppresses the transmission ol
nssuc damage signals 1o the
higher brain centers. Some of
these descending systems unhze
naturallv occurning chemacals
sumiar to opunds.

then t¢ ihe thalumus and sensory cortex in the bramn. Sensations perceived at certain
points within these regions correspond to the parts of the body from which the sig-
nals onginated. Larger areas of the cortex are devoted 10 sensations from the hands
and hips than {rom less sensitive parts.

Different areas of the body varv in their sensitmty 10 touch discnminanon and
painful sumul according to the number and distnbution of receptors. The comea s
several hundred umes more sensiive 1o painful sumuk than are the soles of the feet.
The fingerups are good at touch discnmnauon but the chest and back are less sensinve,

Pain was recently thought to be like a simple message sent over a telegraph
wire: neurons sent electncal impulses from the site of 1njury 10 the bran. From recent
studies of amimals, scientists now know that the process 1s much more complicated.
While the total picture 1s not vet clear, scientists believe that perceiving and respond-
ing to pain nvolves dozens of chemical and electncal processes.

At the point of imjury, special receptors respond 10 tissue-damaging stimuli.
Injury results in the release of numerous chemicals at the site of damage and inflam-
mation. One chemical, prosiaglandin, enhances the sensiivity of receprors to ussue-
damaging sumuli and ultimately can result in more intense pain sensatons. The three
major famlies of vpioids idenufied in the brain — enkephalins, endorphins and
dvnorphins — originate from three precursor protemns coded by three different
genes. Thev act at muluple opiowd receptors in the brain. This knowledge has led to
new treatments {for pain: opate-like drugs injected into the space above the spinal
cord provide long-lasting pain relef.

Message 13 recesved in thalamus and cerebrai conex se— g T “Pain®
! .' -

Painful stimulus )
aclivates seceptors

To brain

Recepiors




LEARNING AND MEMORY

patient known by his imuals, H. M., lives almost

enurely in the present. Since the ume after surgery 1o remove structures in the medial area of the temporal lobe
of his brain 1o relieve epilepsy, he can remember events for only a few minutes. Talk wath him for a while and
then leave the room. When you return he has no recollection of ever having seen you before.

Parts of the temporal lobe — the hippocampus and the medial temporal area — seem to play a role 1n the
process of memory consolidanion: changes that go on as the brain organizes and restructures information that
may become a part of permanent memory. The fact that H M. retains memones for events preceeding his
surgery 15 evidence the medial temporal area 1s not the site of permanent storage but that 1t plays a role in the

formation of new memones.

The hippocampus and medial temporal region are
connected with widespread areas of the cerebral cortex,
especially the vist association regions responsible for
thinking and linguisic processes. Whereas the medal
temporal areas are important for consohdation of new
learning, cortical areas may be more important for the
storage of knowledge (e.g., vocabulary) and for how 1t 1s
utilized in everyday situations.

Working memory, a type of transient memory that
enables us to retain what someone has sad just long
enough to reply, depends on the prefrontal cortex.
Researchers have found that certain neurons in this area
are strongly influenced by dopamine. norepinephnne and
vther neurotransmutters such as acetylcholine. Dysfunc-
tior. of these systems may be responsible for memory loss
in several disorders. including Alzheimer's disease.

While much 1s unknown about learning and mem-
ory, scientists can recogmze certain pieces of the process.
For example. the brain appears to process different kinds
of information 1 separate wavs and to store 1t differently
Procedural knowledge 15 knowledge of how to do something
as 1s expressed in skilled behavior Declarauve knowledge
provides an explicit, consciously accessible record of indi-
vidual previous experiences and a sense of familiarity
about those experiences. Declaranve knowledge requires
processing in the medial temporal region and parts of the
thalamus. while procedural knowledge does not.

An important tactor that influences what 1s stored
and can be retneved from memory 1s whether the action
ts followed by rewarding or punishing consequences. This
is 4 very imponant principle in determiming what behav-
s an orgarusm will learn and remember.

How exactly does memory occur? Atter vears ol

study. there 1s much support tor the idea that some forms
of memory involve a persistent change in the relationship
between neurons. In ammal studies, scienusts have found
that this occuts euher through actual structural mod-
ification or through stable biochemical events wathin neu-
rons that change the strength of signals neurons send to
their neighbors. For example, researchers can correlate
specific chemical and structural changes 1n cells involved
in several ssmple forms of behavioral change exhibited by
the sea slug Aplysia and other invertebrate organisms.

Another important model for the study of memory
s the phenomenon of long-term potenniation (LTP), a long-
lasting increase 1n the strength of a synaptic response {ol-
lowing sumulation. LTP occurs prominently in the hip-
pocampus. Studies of rats suggest that memory 1s srored
by changes 1n synapuc strength at contacts invoiving
NMDA receptors. What makes memonies specific to a par-
ticuiar event must depend largely on which neuronal con-
nections are altered and on the architecture of the specific
networks 1n which alterations occur.

Scientists believe that no single center in the bramn
stores memory It 1s preserved in the set of parucular cor-
ucal systems involved in the processir.g of speaific sensory
svstems. such as viston and heanng, In short, each part of
the brain coninbutes differently to memorv.

One of the most prominent intellectual activines de-
pendent on memory 1s language Scientists have learned
about this feature of the brain from studies of panents who
have lost speech and language due 1o stroke, and from
positron emission tomography (PETY scans of normal people.

The underiving structure of speech 1s thought o
anise 1in a portien of the left hemisphere of the bramn.
Wernickes area. The temporal lobe 15 connected with

!5
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LEARNING AND MEMORY. SPEECH AND Lanolaat, Structures believed to be important for sarious Kinds of learning and memory
include the cerebral cortex. amvgdala. hipporampus. cerebellum and basal gunghia. Arcas of the left hemisphere. insct, are
hnown to be active 1n speech and lauguage. The form and meaning of an utterance v believed 10 arise 10 Wernicke's wiea

and then Broca's area. which 1s refated to vocahizanon. Wernicke's area 1s also smportant for language comprehension.

Broca’s area in the tronial lobe where 1t creates a program
tor vocal expression. This program is then transmitted to
anearby area of the motor conex that activates the mouth.
tongue and larynx

The neural basis ot language 1s not vet understood.
sctenusts beheve that when we hear a word. the sound
s imnally received in the prnimary auditory cortex and
then passes through Wernicke's area 1t 1t 15 1o be under-
stood as a verbal message When we read a word. the in-
formation s transmitted from the primary visual cortex
to the ungular gyrus where the message 15 somehow
matched with the sounds of the words when spoken. The
auditory form of the word 1s then processed for compre-
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hension in Wernicke's area as if the word had been heard.

Writing 1n response Lo an oral mstruction requires
mntormation 1o be passed along the same pathwayvs in the
oppostte direction’ {rom the auditorv cortex 1o Wernicke s
area 1o the angular gyrus

Using PET scans. scientisis have recently shown that
mereasingly complex language tasks pertormed by normal
people activated neither Wernicke s area nor the angular
gyvrus These results appear 1o offer direct confirmation of
a rcading route that does not involve recoding of the visual
siimulus betore semanuc processing Untamihar words
appear 10 be recoded nto sound first. whereas famihar
wo 15 tend to use oniv a visual route.
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MOVEMENT

rom the stands. we zll marvel at the perfectly placed

serves of professional tenmus players and hghtning-fast double plays by big league baseball teams. But 1n fact.
every one of us in our daily hves performs highly skilled movements. such as walking upnght, speaking and
wr-ng that are no less remarkable. A finely tuned central nervous system controls the action of hundr '3 of

muscles to accomphsh these everyday marvels.

Understanding how the nervous svstem periorms
this trick starts with muscles, Most muscies attach to
points on the skeleton that (ross one or More 10inLs
Activation of a given muscie. the ugenist. Can open or close
the jomnts 1t spans or act to sutfen them. depending on the
forces acting on those joints irom the environment or irom
other muscles that oppose the agomist. the antagemst.
Relauvely few muscles act on solt ussue.

A muscle consists of thousands of individual fibers
controlled by alpha motor neurons 1n the brain or spinal
cord. A single alpha neuron can control hundreds of mus-
cle fibers. forming a motor unu

These motor neurons are the cntical link between
the brain and muscles. When they die. as occurs for sull
unknown reasons n amvotraphic lateral sclerosis (ALS). also
known as Lou Gehng's disease. a person is no longer able
to move  Impulses in motor neurons release acetvicholine
.ACh) which acts on receptor molecules in the muscle
tibers. causing them to contract. Myasthenia gravis. which
results from nterference with the action of ACh. can now
be helped with drugs that enhance ACh responses.

The simplest movements are reflexes, hxed muscle
responses to particular sumul. that have been studied ex-
wnsively 1 cats and monkevs dunng the last century.
Sensory stretch receptors — called muscle spindles focated
'n most muscles — send :niarmation about muscle length
directly to alpha motor neurons sudden muscle stretch
such as when a doctor 1aps a muscle tendon 1o st vour
~etlexes) sends a barrage ol impulses into the spinal cord
dong the cuscle spindle sensory nibers. This in turn act-
vates motor neurons 1 the stretched muscle. causing con-
rraction which s called the streten retlex The same sensory
umulus causes mnactivation or inhiibion, i the motor
neurons of the antagomst muscles through connecting neu-
rons. called inhibory interneurons, within the spinal cord

The sensivity of muscle spindle organs s controlled
by the brain through a separate set of gammd mofor neurans

which allow the brain 10 fine-tune the system for different
movement tasks. Other muscle sense organs signal muscle
1arce that affects motor neurons through separate sets of
-pinal tnterneurons. This complex sysiem responds differ-
ently for tasks that require precise conirol of position
‘holding a tull teacup). 15 opposed to those that require
rapid. strong movement (throwing a ball). You can expe-
nence these changes in motor strategy when you compare
walking down a staircase in the dark wath the same task
while the stairs are 1llumnated.

It seems hikely that the systems of spinal interneu-
rons nvolved n reflexes also pariicipate 1n controlling the
alternating acuion of the legs dunng normal walking. In
fact, the basic patterns of muscle activation that produce
coordinated walking can be generated n four-footed ani-
mals within the spinal cord nself. These spinal mecha-
msms. which evolved in primitive veriebrates. are sull pre-
sent in the human spinal cord.

The most complex movements that we periorm.
including voluntary acts requinng Conscious planmng, in-
volve control of the spinal mechanisms by the bram.
Scienusts are only beginning to understand the complex
interactions that take place between different brain regions
dunng voluntary movements. mostly through careful exper-
;ments on ammals One major area 1s the motor cortex. lo-
cated on the side of the frontal lobe of the cerebrum. which
exerts powertul control of the spinal cord ntemeurons and
has direct control o some motor neurons i monkeys and
humans Some neurons in the motor cortex appear o speaty
the coondinated action of many muscles to produce orga-
mzed movement of the limb 1o a parucular place 1n space

In addiion 1o the Motor cortex, movement control
nvolves the interaction of many other regions. including
the basal ganglia and thalamus, the cerebellum and a large
number of neuron proups tocated within the midbrain and
hrainstem — regions connecung cerebral hermspheres
with the spmal cord
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Movesist The stretch reflex
vabove ) occurs when a doctor
1aps 4 muscle tendon to test vour
retlexes. This sends a barrage of
impulses into the spinal cord
along the muscle spindle sensory
hibers. acuvaiing motor neurons
in the stretched muscle 1o cause
L ontraction (sireteh retlex). The
~ame sensory stimuius auses
mrdctn aton. or inhibwon. in the
motor neurons of the antagonist
inuscles through connecting neu-
rons, valled inhibiory mierneu-
rons. within the spmal «ord.
\erent nerves GArrY messages
from sense organs to the spinal
vord: cfferent nerves carry motor
commands from the spinal cord
to muscles. {exion withdrawal
helow! van occur when vour
are foot cncounters 1 sharp
abject. Your leg s immediately
Nited dlleston) from the source
.t potenual inqury but the oppo-
~1e leg responds with increased
saiension in order o mamtam
vour bhalance The latter cvent
i~ called the crossed extension
srflen. These responses oceur
very raprdly and without sour
aitention because they are built
e systems ol internceurons
atthin the spinal cord nselt
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Scientsts know that the basal gangha and thalamus have widespread connec-
tions with sensory and motor areas of the cerebral cortex. Damage 10 these areas.
which depend on dopamine. can cause serious movement disorders such as
Parkinson's disease  Strategies to replace dopamine tunction are under studv

The cerebellum is cnuically 1nvolved in the control of all skilled movements.
Loss of cerebellar funcuion leads to poor coordination of muscle control and disor-
Jders of balance. The cerebellum receives direct and powerful sensory informanion
from muscle receptors and from the sense organs vl the mner ear that signal head
position and movement, s well as signals trom the cerebral cortex. It apparently
acts to integrate all this information 1o ensure smooth coordimaton of muscle
action. enab ing us o pertorm skilled movements mote O less automatically. There
s evidence that, as we learn to walk. speak, or play the violin or piano. the neces-
sarv detailed control information 1s stored within the cerebellum where it can be
called upon by commands from the cerebral cortex
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ADVANCES

ARKINSON'S Distast. A brain disorder mostly of the
elderly, Parkinson’s 1s charactenzed by trembling, ngid posture, slow movements and a shuffling, unbalanced
walk. It results from the degeneration of or damage 10 dopamine-containing neurons that onginate 1n the sub-
stantia migra of the brain and project into the basal gangha. But the precise cause for Parkinson's is unknown
and until recently 1t had no treatment. Dunng the late 1950s. sciennists associated the loss of dopamine with

Parkinson's. They then found that levodopa improves the symptoms of most Parkinson's patients.

To reduce gastromntesunal side effects. levodopa
t5 usually combined with the drug wrindopa. But the
beneficial effects of levodopa gradually wear off. requinng
the use of a combination of drugs including bromocnpune.
pergolide and amantadine. The drug deprenvi mav slow the
progression of the diseas~ For some pauents. an operation
on the brain may reduce tremor and ngidity but better
approaches are needed.

Recently. scientists successfully reduced Parkinson's-
like symptoms in rats by injecting skin cells that have been
genetically engineered to produce dopamine n the basal
gangha. Researchers have also transplanted adrenal gland
and fetal brain ussue. both of which produce dopamine.
into the brains of Parkinson's patients. However. much ha-
sic research must be completed betore this sirategy be-
vomes useful for most pauents.

Researchers are now working with an animal model
ot Parkinson’s, monkevs in,ecied with a substance called
MPTP. which has opened the doors 1o new approaches te
tissue implants and other therapies

Pain

If there 1s a umiversal expenence, pan iy it Each vear.
more than 97 milhon Amencans sutfer chronic, debiluat-
ing headaches. a bout with a bad back or the pamn of
arthnns — all at a total cost of some $80 bitlion But 1t
need not be that wav. New discovenes abour how chem-
¢als in the body transmut and intercept pain have paved the
wav [or new treatments {or both chronic and acute pain

Unui the muddle of the 19th century. pan rehet dur-
ing surgerv relied on natural substances such as oprum, ai-
cohol and cannabis All were inadequate and short-hved
Not unul 1846 did doctors discover the anesthetic proper-
ties of ether. first in amimals and then in humans. Joon at-
terward. the usefulness of chlorotorm and nitrous oxide be-
came known and heralded a new eran surzeny
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The dozens of drugs used today dunng surgerv
abohish pain. relax muscles and induce unconsciousness.
Other agents reverse these effects after an operation.

Local anesthesia 15 used 1n a hmuted area of a person s
body to prevent pamn during examinauons, diagnostic
procedures. treatments and surgical operanons. The most
famous of these agents, which iemporanly interrupt the
action of pain-carrving nerve fibers. 1s novocaine. Unul
recently, novocame was used as a local anestheuc by
denuists but hdocaine 1s more popular today.

Analgesia produces loss of pain sensation without loss

How Pan Kt Ry Work. At the site of injury. the body
produces prostuglanding which increase pain sensitnan
Some analgesics. such as aspinn. prevent the production o
prosiaglandins. Acetaminophen is beheved 10 black pan
impuises sn the bramn steefl. Local anesthenes smtereept pain
~ignals travehng up the nerve, Upiate drugs present the
transier of pain signals from che spisal cord 10 the bramn,

Cerebral cortex

ASPITIN acts here

Local anesthete

Spinal cord




sbsenstivity to touch The two main tvpes of anaigesics are
non-opioids LASPINN or acelaminophent and oplouds «mor-
phine! Non-opioid analgesics are usetul for treating mid or
moderate pain such as headache or toothache. More severe
pan can be treated bv combining a mild optond such as
vodeine with aspinn. The most potent pain-killers are used
oniv when other preparations are netfecuve

Insights into the body s endorphin-mediated pain-
vontrol svstem have led to the use of 1njections ot mor-
phine. endorphins and other oprowds into the space above
the spinai cord without causing paralvsis. numbness or
other severe side eifects This techmgue came about
through expeniments with rats that first showed that in-
jecting opiates into the space above the spinal cord could
produce profound pain control. In humans. a singje injec-
ton of morphine reduces pain {or more than 24 hours.
whereas the same dose given by mouth provides reliet for
onlv a few hours. This techr.que 1s now commonly used
in humans 10 treat pain atter surgery

Freurpesy

A chronic neurological disorder resuiung trom sudden.
Jdisorderlv discharges ot energy by brain cells, epilepsv 1s
marked bv recurrent seizures that temporaniv alter one or
more bramn functions.

1t 15 2 disorder that {requentiy starts in childhood or
adolescence but many people outgrow it and no longer
need medication. Epilepsy can result from a wide vanetv
of diseases or injunies uncluding head injurv), hirth
trauma, brain infection (such as meningius or encephahi-
t1s), brain tumors. stroke, drug intoxication. drug or alcohol
withdrawal states and metabolic disorders Butin 75 per-
cent of cases the cause cannot be denutied

The drug phenviom. first svnthesized 1in [908. sat on
1 pharmaceutical house shelf unused tor 30 vears unti re-
scarchers, who were screening many agents in cats, found
it 1o have anti-convulsive eifects Phenvioin was immed;-
ately used 1n humans and provided reliel from epilepsv
The drug was a major advance in the treatment of epilepsy
hecause 1t illustrated that anu-epileptic medications need
not cause sedation (as does phenobarhizal) and encouraged
the search for other drugs.

Todav severai agents can prevent seizures Une ot these
drugs, valproate, was discovered acadently when st was used
Junng the carly 1960s 10 spred the absorption of other
drugs beng screened 1 mice models of epilepsy.

In generai. epilepsy can be controlled with anti-con-
“ulsant druws that lessen the frequency of saizures
sometimes 4 combination of drugs 1s necessary Complete
control of seizures can be achieved inup to 50 percent ot
patents, another 15 percent can be improved signi-
ticantly, the remarider are incompletelv controlled ana sut-
fer considerable disability Surgery 15 considered i the
roughly 10 pereent of patients who do not respond to drugs

MAJOR DipRENSION

This atfhcuon, with us harrowing teehings of sadness.
hopelessness. pessimism. loss of interest in jife and
reduced emotional well-being, 1s one of the most debilitat-
ing mental disorders. 1t 1s as disabling as coronary disease
or arthnns. Depressed individuals are 24 times more hikely
to attempt suicide than people with no mental iliness.

In anv one-month penad. major depression atfects
nearly 3 5 mithon Amencan adults and voung people. For-
tunately, 80 percent o pauents respond to drugs, psvcho-
therapy or a combination of the two. Some severely depressed
patients can be helped with #lectroconvulsive therapy

Depression arises {rom many causes. biological
ancluding genetic), psvchological, envirornmental or a
vombination of these Stroke, hormonal disorders. birth
control puis and sleeping pills can also play a part.

Physical symptoms — disturbances of sleep, sex
dnve, appetite and digesuon — are common. Some of
hese svmptoms mav retlect the tact that the disorder
attects a dehiate hormonal feedback svstem hinking the
hvpothalamus, the pitunary gland and the adrenal glands.

The modern era of drug treatment {or depression
began in the late 1930s. A new generation of drugs now al-
lows individualized treatment and a much greater chance
of success for the more than 8 mullion Amencans who sul-
ter from major depression or other mood disorders.

Most anudepressants affect norepinephnne and
serotonin in the brain. apparently by correcung the abnor-
mal excess or inhibition of the signals that control mood,
thoughts, pain and other sensations. Imipramune, a tnevelic
antudepressant. pnimaniy blocks the reabsorpuon of nore-
pinephnne and may affect serotonin levels

Another class of anudepressant medications 15 the
monoamine oxidase inhibitors (MAQIs! Dunng the [950s,
the first of the MAOIs. iprontazid. was found to make
expenmental ansmais hvperalert and hvperacuve By 1957,
sciennsts had proven ipromiand’s benetit i patients.
Today, three MAOIs are available for use

MAOIs are thought to be more comphicated than
tricyches. These agents inhubit monoamine oxidase. a sub-
tance that breaks down serotomin. norepinephrine and
wopamine. allowing these chemicals 1o remaim acuve

A recently developed medicaton, luoxetine, 1s the
nrst of a new class of drugs, serotomin reuptake tnhibitors
Fluoxetine 1s believed 1o zero in on serotomin and keep 1t
ACLve 1N cettan brain arcunts bor many patents. tius
drug seems to restore overall serotonin activity 1o a more
normal state and alleviate depression.

Patents with mamie depression usuallv aliernate
hetween episudes of deep depression and pentods of mental
and physical hyperactvity, wath a return to relatively nor-
mal functoning in between NSince 1970, manic-depres-
~ives have greatly benetited trom the use ot hthium



CHALLENGES

pbic 10N . Universally regarded as the nauon's
most senous health problem . the abuse of alcohol and drugs by mullions of Amencans was esumated for 198810
cost more than $144 billion. including the costs of treatment, prevention, lost productivity and violence.

Drug addiction 1s one of the most difficult conditions 10 understand. For decades, researchers have
unsuccessfully sought to uncover an addictive personality to forecast early warmings of nsk. Personality trauts,
wenetic susceptibility and how drugs enter the chermcal pathwavs of the brain’s pleasure centers remain topics
nt intense research.

While causes remain elusive. «ientists do know the While several drugs are used to treat alcohohism.
wens of addiction. physical dependence and psveholow- they are unlikely 1o be elfective in producing a long-term
.al dependence. Physical dependence 1s an adaptive state reduction 1n dnnking behavior Current treatment strate-
that shows uself by intense withdrawal svmptoms when  qies manage withdrawal, foster sobnety. decrease dnnking
the admunistranion of the drug 1s stopped. Psvchological by ireating psychiatric problems, and atenuate problem
Jependence 1s a craving for a drug in order to produce drinking behavior 1self. All are considered adjuncts 10
pleasure or to avoid discomfort. A third aspect of drug de-  other treatments
pendence 1s tolerance, the requirement with chronic use Counseling, psvchotherapy and Alcoholics Anony-
tor progressively higher drug doses to achieve a given etfect mous are the tradinonal approaches that form the standard

Alcohol » Roughly 15 milhon Americans have an  lreatment The first step 1s for the individual 1o recognize
alcohol problem — 6 mithon abusers and 9 nullion who  he or she has a problem in need of help Then a broad-
are alcohol-dependent — and some 100.000 people die  hased approach includes changing dnnking behavior and
from 1 each vear. Fetal alcohol syndrome, which causes the individual’s environment 1n ways to maintain sobriety
mental retardation and facial deformines, atfects about one Because alcoholics often recewve a variety of treatments. 1t
1y every SO0 babies born 1n the United States. ¢ hronie 15 ditficult 1o compare the absolute eifectiveness ot one
iver disease and cirrhosts, the main chrome heaith haz- therapy with another
ards associated wath alcohol abuse, were the nauon’s mnth Psychostimulunts @ While researchers note a drop-ott
leading cause of mortality in 1988. responsible for more ol cocaine use in the Umited States — from 5 8 million
‘han 26.000 deaths. The cost of alcohol dependence and  users in 1985 to 2.9 million 1n 1988 — use of the drug has

abuse in 1988 was estmated at $85 5 billion. become more intense
Both genetic and environmental lactors contribute to Part of the reason users crave psvchostmulants ico-
slcohohsm but no single factor or combination of factors has -« aine and amphetamines) is 10 counter symploms similar
sllowed doctors to predict who wiil become an alcoholic. 1o a major depression — decreases in activity and mua-
Fthano!. alcohol's active ingredient. 1s a depressant  (IV€. ¢XCESSIVE drowsiness, increassd appetite. feelings ot
hat acts 1o reduce anxiety. tenston and inhibitons — unhappiness and mabihity 1o expenence pieasure — that
agnicantly altening mood and behavior lts other etfects  oceur when a binge ends
e lude sumulation of appetite. heat loss and dehvdration. One bochemical factor that seems to reintorce the el
Alcohol 1s eastly absorbed into the bloodstream and - tects of psvchostimulants s dopamine Seurons contaiming

the hrain, vet a precise mechanism tor this i unclear 1t dJopamine that projectinto the limbic svstem and frontal cor-
was once widely beleved that aicohol acted on all neural  tex are requured for the acute rantorang actions of cocune
membranes, perhaps altenng their elecneal excitabilay and amphetamines Scientists suggest that some abnomai-
Now many scienusts beheve that alcohol's interaction - ilies within the dopamine system can sensiize indmduals to
with the GABA receptor enhances this neurotransmitier's the reinforang aciions ot these drugs Many saentisty believe
infubitory action  In addwon. Jdopamine. the NMDA the ability of vocaine 1o block reabsorpuion of dopamine

receptor and glutamate are beheved to be mvoived verexeies nearby nearans 1o prodice cuphona. The crash
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the bramm where 11 acrs 1 the hmbic ssstem the brm s pleasure pathway - The chectoranrs at samipses here impuises are

passed trom one neuron o anuther Sormails, Gbove, nghin aransmitting cellin vthe himbie svatem relans asienal by releasing

dopamine into the synaptic space. Dopamine crosses the space and hts 1o recepion on the surtacy of the revevmg el s

raggers an clecincal signal that s relaved through the recena

Phen, to end the signal dopamime moleaaies break aswas trom

the receptors and are pumped back into the nenve erminal 1o be reasded. ¢ ocaine molecules chedos nehy Mok the pump

o1 transporter by shich dopamine agam enters the nenve terminal They hind 1o the dopamine transpetier. causing more

dopamine 1o accwmulate in the ssnapiic space This contimnatly stmubates the recen g el nltomatehs causing a high

oveurs when the dose needed to restore the high becomes
creater than the user can find. or from exhaustion The
neurachemical basis of the crash is sull unclear

Dopamine receptors — located in the bram s ventral
rewmental area. nucleus accumbens. amvgdala, hvpotha-
lamus and puuitary — are imphcated 1n this activiy
Amphetamine produces o simular eftect hut van aiso
release dopamine and norepinephrnne

sientists are anxiously trvng to ind drugs that block
the elfects of cocane or lessen the ensuing depression. Some
drugs block the etects of cocaine 1n animals but most co-
came-dependent people do not want to 1ake them because
they produce senous side effects Moreover. the patent will

)
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remember how good he or she felt when shll a user

The most cifective treatment programs, eXperts sav.
are those that employ three separate stages: detoxihcation,
extended personal counseling combined with vocanonal
gwdance and tramimg, and commumity support groups.
New anudepressants usually help during the hrst weeks o
therapy ¥l some of the best programs have drop-out
rates of 50 percent or more and the number of addicts
who return to drug use 1w very high

Opates » These drugs, denved trom the oplum
poppy. have been used by humans for centunes. Monkeys
and rats readily seli-admimster them and will become
phvsically dependent with unhmited aceess Unlike psv-
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chosumulants. humans and animais allowed oniv hmited
sccess will mainain a stable level and pattern of intake
When interrupted, this causes neither tolerance nor phvs-
wal dependence. In contrast, uniimited access produces
profound tolerance. leading to increased intake and severe
withdrawal symptoms. When stopped. withdrawal ssmp-
toms range from mild {lu-like discomiort to major physical
signs. including severe muscle pan. stomach cramps and
diarthea. Regions of the brain acuve i the reinforcing ac-
tions of psychosumulants play the same role with opiowds
Doctors know that drugs such as nalorphine. nalox-
one and cyclazocine block the effects of morphine. heron
and other narcetics. The problem 1s that an addict must be
highly motivated to take the opioid-blocking drug.
Standard treatment involves methadone maintenance
which 1n theory helps rehabilitate addicts by preventing
withdrawal symptoms and by blocking, the pleasurable el-
fects of oprates. The treatment 15 controversial, however,
hecause many believe 1t condones continuing dependence
on narcotics and creates an even greater level of tolerance

N1ROKY

If your grandfather had a stroke todav. his doctor would
tell the family there was no treatment 11 all nkelihood. the
pauent would live out his remaining months or vears with
neurological impairment.

While researchers have not vet found a magie bullet
for stroke, attudes toward the nation's third leading cause
of death are changing rapidly Preventive measures have
reduced the frequency of stroke. New expenmental drug ther-
apies show promuse for improving recovery afterward

Stroke affects roughly 300,000 Amerncans & vear.
150,000 of whom die: total costs per vear are estimated
a1 325 bilhon

1t often occurs 1in individuals over 03 vears of age. vel
a third are under age 55 and 1n their most productive years
Stroke tends 1o occur more in males, blacks, and those with
diabetes. high blood pressure. heart disease. obesity, high
cholesterol and a family history of stroke. Controlhng nsk
tactors such as obesity, blood pressure. diabetes and hgh
cholesterol can help prevent this disorder.

Treaument involves several techmques 1f atheroscle-
rotic plaque has caused blockage in the anenes of the neck
region. surgery might be used 1o clear them to prevent the
Lkelthood of a clot causing a cut-off ot hiood supply
Blood-thinning drugs, such as hepann. may be the choice
when a blood vessel has been blocked or blood ¢lots are
1 problem These drugs help prevent new clots trom torm-
g o an exisuing clot from enjarging

sometimes treatment means therapy for the heart
hecause heart disease contributes 10 stroke Damaged
valves may need surgery or drugs o reduce the chance of
clots forming around the vaives that then travel 1o the
brain and cause 4 stroke

BEST COPY AVAILABLE

A recent studv found that daily doses ol uspirin ot
another blood-thinming drug called wurfann could prevent
thousands ol strokes evervy vear in people sultenng trom
ainal fibnllation Patients with this condition. in which the
heart beats irregularly and metiectuaily. are xt higher nsk
of stroke because stagnant pools of blood cotlect in the
heart and 1ncrease the hikehihood of clot lormauon In the
study, aspinn cut the nisk of stroke by 80 percent

While doctors can do httle to restore permanentiy
damaged brain neurons. 4 good rehabilitation program
-an make the difference between institutionahzation and
returming home. Yet stroke remains a considerable
challenge. with an imual 30-day mortaliyv averaging 38
percent. Of patents who survive this ¢rincal penod.
long-term survival 1s 50 percent. And as the age ol the
population increases, these rates are nsing,

New drugs now under study could lead to a dramatic

~1RORL. \ strohe oczurs when a blood vessel bringing ov
sen and nuirients 1o the brawm bursis or 18 Jdogged g
“oed ot o same ather partele. This Lack of blowd catses
Cetl death sathin mimutes. The ceils dlosest 1o the imun dic
o1 e gen deprisation. One thears ol coll death s tha the
mvereacited dyving colls release neurotransatiers. vspe
cially glutamate. to nearby vells These nearby cells become
wveresoted. swollen and dic. and this s one of the places
where screntists think they can stop the process ol el
d-ath. Depending on ats lovation. 2 stroke tan cause mans
disorders: for example, paralvsis on one side of the bods
and toss of speech The vileets ol stroke are olten prrma-
aent because dead brion cells are not replaced
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shitt in these stanstics by staving otf the irreversible brain
damage that occurs in pauents wath stroke or head injunes,
One approach involves 1apidly opening blocked
vessels 1o restore circulation before oxygen loss causes
permanent damage. Use of clot-dissolving agents — the
hoengineered drug tissue plasminogen activator (\TPA)Y, or
‘treplokinase. an enzvme denved from streptococcal bac-
lena — may soon become standard treatmenis in many
hospitals. TPA given within 90 minutes of a stroke has
already shown promising resuits in prlot studhes.
Another strategy 1s to slow cell death by interrupting
the chamn reaction :mitiated by a dying cell: the release ot
ibnormally high amounts of glutamate that can kill neigh-
bonng brain cells by oversumulating glutamate receptors.
Several agents are being tested for their abiluy
to block the NMDA receptor where glutamate
15 recogmized. Sull others are aimed at
targets withun the ceil. In this wav, the
victous 2vcle of local damage fol-
lowed bv a widening (ringe ot
slutamate-induced neuronal death
can be slowed. Thus far. most ot
these compounds have heen
tested only tn amimals. [t will be
vears before their value 1s
known to humans.

THE CHEMIUAL REACTIONS

NELROLOGIC AL TRAL MA

As with stroke, no magiwc builet
has been found. but doctors have
Jdiscovered several methods 1o stave
~tf severe neurological damage caused
bv head and spmnal cord imjunes These
rrements include better emergency care, 1m-
proved rehabilitation and a drug that was recently found
' help reduce damage in spinal cord injunes

some 300.000 people recesve tranmatic head injures
requinng hospitalization each vear; and roughiy 100.000
J1e — many before reaching the hospual. Economic costs
appreach $25 billion annuaily

Greater use of newer imaging methods enables doc-
1018 1o more reachly see swelling that 1s potenuallv hife-
threatening and act immediatelv They can bore a smail
nole in the skull and insert a tube hooked up to a pressure
monitor When the intracramal pressure 15 above sate
levels, the patient 15 put on a venulator 1o increase the
breathing rate. The more breaths a patient takes, the more
carbon dioxide 1s blown off. helping to shnnk cerebral
hlood vessels and thus reduce intracramal pressure. Drugs
~ich as mannitol help draw water awav from the brain

spinal cord ijunes atfect some 10,000 Americans

annuatly. mostly males under age 30 who are hurt in
automobile acadents, at a total cost of $2 hilhion.

Researchers recently reporied that peopie who sutfer

To Divise
BETTER IRIAIMENTS

FOR STROKLE. SCIENTISTS STUDY

THAT LLAD TO NERVE

CELL DEATH.

spinal cord 1niunes become less severely paralvzed if thev
recetve high mntravenous doses ot a steroid drug within
cight hours atter injury. The drug methvipredmsolone
appears to help regardless of how severelv the spinai cord
ts injured and. in some cases. makes the ditfference be-
tween a pauent being contined 10 a wheelchair and being
able 1o walk.

Building on this knowledge, researchers hope to
Jecipher the precise order of the chemucal reactions that
lead to impury Once they understand the factors that pro-
hibit regrowth of spinal fibers. they hope 10 develop drugs
that block these reactions and allow regeneranon.

ALZHEIMER'S DiIsEASE

One of the most fnghtening and devastating of 4ii neu-
rological disorders, dementia caused by
Alzheimer's affects an estimated 4 million
Americans. The cause and effecuve
treatments are suill under investiga-
tion tor this mysterious disorder
which takes 100,000 lives a vear
and 1s one of the nation's lead-
g killers of adults. 1t 15 ex-
pected to affect 14 million

Amencans by the year 2040.
Forgetfulness and mem-
ory loss, ume or place disonen-
tanon and difficulty with con-
centraling or calculating are the
earhest symptoms which usually
begin during the patient’s md-60s.
Final stages leave the victim incapable of
self-care. Death usually results from pneu-

moma or some other compiication,

Preliminary diagnosis can be made wiile the patent
ts still alive bur absolute contirmanon of Alzheimer's re-
quires an autopsy of the brain. Examination s1ows abnor-
maj protemn accumulation, neuropbrilarv tanyzles in neu-
rons and clusters of degeneraung nerve endings, neurnitic
plaques, 1in the areas of the brain important for memorv
and intellectual lunction. Abnormal deposits of amviond
protemn are hinked to the plaques and are either responsible
for them or related to the cause of the disorder

Alzheimer s bramns have lower than normal levels of
acetylcholine, somatostatin and monoamines — due 1o
loss of the specitic cell groups that svnthesize these trans-
mitters in the brainstem

The cause of neuron death 1s unknown. Possibihities
include cell membrane defects. protemn processing prob-
lems, heredity, immune system problems and neurotoxic
substances. At most. 10 percent of vicims have an inher-
ted form which stants ecarhier in life and progresses rapidiv
A genetic marker for one tvpe of this hereduary form has
heen located on chromosome 21
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A prelimiary diagnosis can be made in 90 percent
of cases through a medical history, phvsical and neuro-
logical exams and a mental status test. Computenzed
romography (CT) and magnetic resonance imaging (MRD
scans show reduced cerebral size.

Presently. there 1s no treatment for the cognitive
symptoms but research on drugs called cogmuive enhancers
15 proceeding rapidly based on detailed studies in aged
animals of anatomical and biochemucal circunts involved in
<ognilive processing and memory.

For now, mtation, anxiety and unpredictable behav-
ior, sleep disturbances and depression that accompany the
disease can be treated.

At least a dozen drugs offenng palliatve treatment
are under study. Two that are furthest along 1n develop-
ment are letrahvdroaminoacridine and physostigmine. which
help restore acetvlcholine. Amimal tests with nerve growth
factor {NGF). a naturally-occurnng protein necessary tor
the growth and maintenance of certain neurons. are
underwayv. NGF has nounshing etfects on brain neurons
that release acetvicholine. Unfortunately, the oniv wav 1o
get the drug into the brain 1s by direct injection. a proce-
dure not usually recommended for humans. In another
approach, researchers are considening transplanting tissue
which could release missing neurotransmiiters or growth
factors directly into the brain. In theory. this technique
could restore neurotransmutter function and prevent brain
cells from dying.

Early diagnosis of Alzheimer's through use of bo-
chemical tests or CT and MRI scanning may soon permit
doctors to combat the disease when drugs become avail-
able. Scientists recently reported the discovery of an early
“marker”, a decrease in the size of the hippocampus in de-
ceased Alzhewmer s pauents compared with patients who
died without sutfering this disorder. Other tests detect ab-
normal proteins unique to Alzheimer's.

Since aged monkeys have plaques and tangles. sev-
cral centers conduct research on them to assess age-related
memory dechine and drugs that ameliorate this condition.

AN Y WD Panic DISORDERS

The most widespread mental illnesses. anxiety disorders
atfect an esumated 7.3 percent of the U.S. adult popula-
tuon. 115 million Amenicans, in a one-month penod
hey include phobras. panic disorder and agoraphobia and
phussive-compulsive disorder Some can keep people com-
pletelv housebound or. 4510 the case of pame disorder,
vontnibute to stade

In obsessive-compulsive disorder. people hecome
trapped i repenuve thoughts and behaviors thev recog-
mize as groundless but cannot stop, such as washing hands
or checking doors or stoves. The illness 1s thought to atledt
more than 2 mithon Amencans in any one-month penod
Social learming and genetics mav plav a role i developing

the disorder. But PET scans reveal abnormahinies in both
corncal and deep areas of the bran. suggestng a biological
component as well.

Panic disorder — which atfects nearly 800.000
Americans duning a one-month period — usually stans

out of the blue.” Patients expenence an overwhelming

sense of impending doom. accompanied by sweatng,
weakness. dizziness and shortness of breath. Wath re-
peated autacks. patients may develop anxiety in anticipa-
uon of another attack and avoid public settuings where
attacks might occur. Untreated, their lives may constnct
until they fear leaving home for any reason.

The recent discovery of brain receptors for the ben-
zodiazepine annianxiety drugs has sparked research to
idenufy the brain's own antianxietv chemical messengers.
This inding may lead to ways to regulate this brain system
and correct 1s possible defects in panic disorder. PET
scans reveal that dunng such attacks, the up of the brain’s
temporal lobe 1s unusually active compared with conirols.
When normal people expect 1o recetve 3 shock to the
nnger. the same general area 1s acuvated.

For both obsessive-compulsive disorder and panic
disorder. behavioral and drug treatments show promise
separatelv and mn combination but their etfectiveness 1s
sull under investigation.

SCHIZOPHEE N

Marked bv disturbances in thinking, emotional reactions
and socal behavior, schizophrenia almost always results in
chronic illness and personality change. Delusions and
hallucinations are common.

Alfecting less than one percent of the population or
1.1 million Amencans in a one-month penod. schizophre-
mia 1s disabling and costly. On a given dav, these patients
occupy more than 100.000 hospital beds. Annual treat-
ment costs exceed $7 billion, while lost producuviy and
other losses exceed $14 hillion

Schizophrenia 1s thought to reflect changes in the
braincausedb  ease or imury at the ime of birth or a ge-
netic disposition exacerbated by environmental stress. Brain
systems using dopamine appear to be parucularly involved.
scans and postmortem studies show abnormalities in
schizophrenics, such as enlarged cerebral ventncles (flud-
hiled spaces) and reduced brain size. PET scans show that
the prefrontal cortex of schizophrenic panents 1s not prop-
crly acuvated n response to tellectual tasks.

The disorder usually begins between ages 15 and 15
~ome pattents tully recover tollowing treatment but most
continue to have moderate or severe svmptoms. particu-
fariv 1 response 1o stress.

After a long search for a sirong anupsvehotic agent. si-
entists svnthesized the drug chlorpromazine dunng the late
19405 By the 1950s. 11 was found usetul for treanng psy-
chotie states and later became a mamstay of drug treatment.
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Since then a large number of agents similar 1o
chlorpromazine have been developed. When given as
long-acting tnjections. these drugs reduce some symp-
toms and aid patients’ readiness for adjustment back in
the community. However, chronic use may cause abnor-
mal muscle movements and tremors in some patients.
Safer treatments are being sought.

Thus far, most drugs are successful in calming "pos-
ve” svmptoms such as hallucinations and aguation. A
new drug, clozapine. acis differently from other anupsy-
chougcs. 1t 15 the first medicauion to alleviate “negauive”
symptoms: lack of motwvation, loss of emotion and social
withdrawal. And clozapine appears to help the 10 10 20
percent of pauents who are not helped by conventional
medications. However, the drug can induce a potenually
fatal blood disorder. agranulocytosis. in about 1 percent of
pauents. To prevent this. patients must take regular tests
of blood and bone marrow function, a precaution that
makes the use of the drug verv costly

Nt ROLOGE AL MDS

By the end of 1993, as many as +80.000 AIDS cases and
340.000 deaths from AIDS will have occurred in the
Uruted States. Unfortunately, the nervous system as well as
the immune system 15 profoundly affected by this virus.
Medical experts estimate that 20 1o 66 percent of patients
with full-blown AIDS also develop demenua which often
includes movement impairment. Nearly all patents with
this syndrome have mental problems ranging from muid to
progressive, fatal, demenua.

And in spite of advances made in trealing other
aspects of the disease. AIDS dementia remains a mystery.
Physicians sull do not know why 1t happens and unul they
do. they won't be able 10 adequately prevent or treat it

Experts believe that senous neurologic symptoms are
uncommon early 1in AIDS infection. But later, patients
develop leg weakness, loss »f balance. difficulty concentrat-
ing, apathy. rmitability and depression-like symptoms. CT
and MRI scans and the examnation of brain cells under a
microscope suggest that the dementia occurs principally in
cub-cortical areas, with marked changes in the myelin

The anu-AIDS drug AZT has reversed some ner-
vous system symptoms but the effect s short-hved.
Preliminary clinical tnals are now underway testing ALT
and several other compounds.

MULTIPLE SCHEROSES

rhe most common central nervous svsiem distase of
voung adults after epilepsy. this life-long alment of un-
known ongn affects one m 1.000 adults. thus disabling
more than 250.000 Americans. Multiple sclerosis (MS)
Jinkes mainly between the ages of 20 and 40. with two ot
three cases occurnng in women. It resuits in earming losses
for families with MS of abour 52 bilhon annually

While a cause has vet 1o be found. MS 15 thought 10
he an autormmune disease in which the body's natural
defenses act against the mvelin in the central nervous svs-
tem as though 1t were loreign tissue. The myehin, which
surrounds and insulates nerve fibers of the brain and
spinal cord. begins to disintegrate and interfere with nerve
signals by distoruing or blocking them.

Genetic and environmental factors have also been
suggested. Siblings of affected people are 1010 15 times
more likely than others to come down with MS. The dis-
¢ase is five imes more prevalent in temperate zones
«such as the U.S. and Europe) than in the tropics. A viral
infecnion acquired dunng the first 15 years of hie may be
responsible for tnggenng the disease which becomes
apparent later.

The most common symptoms are blurred vision.
awkward gau. numbness and fatigue. These can occur
singly or in combination. vary in iniensity and last from
several weeks to months. In some pauents, symptoms
mclude slurred speech. weakness. loss of coordination.
uncontrollable tremors, loss of bladder control. memory
problems, depression and paralysis. Muscle spasticity can
aifect balance and coordinanon. causing pain, involuntary
jerking movemer’< and severe contractures. freezing of a

jomnt that prevei. 1ovement.

MS is incurable but there 1s help for some symptoms
unul defimitive treatment 1s available. Muscle relaxants and
tranquilizers alleviate muscle spasuiciy; udrenocorticotropic
hormone { ACTH) and steroids help shorten atracks by re-
ducing inflammanon; and stretching exercises and physi-
cal therapy help keep muscles 1n working order. Other
agents help kill pan.

Several compounds which suppress the immune
system are being tested in patients. Une of the promising
treatments 1s a svnthetic version of the protein myehn that
desensitizes the malfunctioning immune system. In eariv
studies. doctors found 1t lessens Hare-ups 1n some pa-
nents; thev hope it may prove broadly useful. Other drugs
under study include interferons and a combination of the
drug «vclophosphamide and ACTH

DOWN SYANDROME

This form of mental retardation caused by a genetic defect
oceurs about once 1n every 800 hve births and affects some
250.000 American families.

The most common form of Down's. Tnsomy 21. Te-
<uits when the egg or sperm adds an extra chromosome
producing mental impairment and these physical signs' a
drawing of the arms across the chestin an embracing
manner. low nasal bnidge and small nose. eves that slant
upwards. deep creases across the center of the palm and
excessive ability for flexing extremities.

The nisk of having a child with Down's increases
with the age of the mother Atage 35 the nsk s one in 00
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births: at age 40,1115 one in 110, Highly accurate prenatal  The test may be accurate up to 99 percent but raises some
tests. chonon willus sampling performed between the  ethical 1ssues — especially about the value of a predictive
eighth and twelfth weeks of pregnancy or amniocentesss  test for a disease that currently has no cure.

between the thineenth and hiteenth weeks, can determine Unul the mutant gene 1s idenuted, treatment fo-
if a fetus 15 likely to be aifected. cuses on helping people with Huntington's live longer at
Medical advances have produced effecuive treat- 1 better level. This includes physical and occupational

ments for the improper heant development, suscepubility  therapy, learmng how to swallow appropnately, balance
1o infection, respiratory problems and immature digestive  exercises. maintaining proper weight and vanous medica-
tracts, which may aifect people with Down'’s. uons for depression, hallucinanons and stress.

The degree of mental retardation vanes widely, with In addition to hunung for the gene, researchers are
the majonty falling in the moderate range. Children with  pursuing vanous treatments. In one set of expenments.
Down's learn to sit, walk, talk and toilet train, although  scientists are focusing on quinolimc acid, a brain neuro-

usually at a later stage than average. toxin that exciies NMDA receptors and 1s not harmful un-

Early intervention from birth, quahity education pro-  der normal conditions. Since very high levels of quinohnic
grar.s, a sumulaung home environment and good med- acid are found in the brans of Hunungton's patents, re-
wal care has boosted survival from nine years searchers believe excitation may be excessive
in 1910 to an average ol 55 years today. or prolonged. They are acuvely searching
Many people with Down's are active {or ways to block this toxic effect.
and productive. . , :

Although there 15 no cure. HUNTINGTON'S DISEASE. TOLRLTTE SynDROME
sClentists are moving closer One of the most common and
(0 1denufying the genes on chro- ONE OF THE MORE least understood neurological
mosome 21 responsible for the o disorders, Tourette's 1s a genetic
syndrome. Once 1denufied. COMMON INHERITED BRAIN condition that affects an esu-
they hope 1o decode the bio- o . . mated 100,000 Amencans, in-
chemical piocesses responsible DISORDERS, HAS BEEN TRACED cluding some 20.000 young-
and eventually treat or cure the ‘ s N sters. Males are affected three
disorder. ’ TO GENETIC MARKERS to four nmes as {requently as

HUNTINGTON'S DISEASE ON CHKOMOSOME +. females

A o e The disorder usually appears
Afflicing some 25.000 Americans. between ages four and eight, but may
with another 125,000 at nsk, Hunting- emerge as late as age 21. Symptoms in-
ton s 15 one of the more common inhenited clude motor and vocal tics that are repeti-
hrain disorders. This slowlv progressing dis- uve. involuntary. rapid and sudden movements
ease, which causes the degeneration of brain cells, usuallv or utterances. A majonty of patients have a mild form of the
starts between ages 30 and 50. It affects neurons in the  disorder with symptoms of excessive eye blinking, shoulder
basal gangha, an area important for movement coordina-  twitches or shrugging or noise-making. Many of these ucs
t1ion. and 1n the cortex. the center for thought, perception  can be controlied in the same way that a sneeze can be held
and memory. in. More extreme forms of Tourette's. which are relatively

The most recognizable symptoms are involuntary  rare, can senously interfere with evervday hving. Additional
jerking movements of the arms, legs. torso and facial mus-  symptoms include self-injury and uttenng obscenities.
cles. These are often accompanied by mood swings, Since the defective gene 1s not yet 1dentified and no
depression. irntabiliy, slurred speech and clumsiness.  laboratory test can idennfy the syndrome, diagnosis is made
Later on. common svmptoms include swallowing by observation. Some tests can rule out other possibilinies.
difficulty. unsteady gait. loss of balance. impaired reason- Halopendol. a neuroleptic drug, has been the main-
g and memory problems. Eventually, the vicum s stay of treatment. It 1s not an ideal drug, however. because
confined to a bed or wheelchair, with death often due 1o 1t produces disturbing side effects — abnormal involun:
pneumonia. hean fallure or some other complication. tary movements, stiffness of the face and limbs, or seda-

Diagnosts entails a clinical examination and detaled  tion in some patients. The disorder seems to result from
tamly history. CT and PET scans mav help. Discoverv o hvpersensiivity of dopamine receptors. Most effecuive
a genetic marker for Huntington's on chromosome 4 drugs. such as halopendol, act by blocking the overacuve
allows for a predictive test using blood or uissue from the  svstem. Other symptoms. such as obsessive-compulsive
person at nsk and relauves. Predictive testing 1s available  traits and attention deficit disorder, often need treatment
for adults at nsk; prenatal testing can also be performed with other classes of drugs.
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NEw DIAGNOSTIC METHODS

any of the recent advances in understanding
the brain are due to the development of anatomical techriques that allow scientists to see more clearly the many
connections between neurons throughout the body.

Electrophysical recordings trace brain electrical activity 1n response to a specific external sumulus. In
this method., electrodes attached to specific parts of the scalp — depending on which sensory system is being
tested — make recordings that are then processed bv a computer. The computer makes an analysis based on
the time lapse between sumulus and response. It then extracts this informanion from background acuvaty.

Following the discovery that matenal is transported One PET technigue measures the metabolism of
thin neurons. methods have been developed tovisuahize  lucose. the brain s fuel. and converts this information by
acuvity and precisely track fiber connections within the  computer 1o a three-dimensional, color-coded picture ol

nervous system. This can be done by imecung a radioac-  bran acuvity. The bnghtest colors indicate the brain areas
uve amino acid into the brain of an experimental ammal,  most active while subjects are performing specific tasks.
the amimal is killed a few hours later: and then the pres- So far. PET studies have helped scienusts understand

ence of radioacuve cells 1s visuahized on film In another ~ more about how drugs affect the brain and what happens
technique. the enzyme horseradish peroxidase 15 injected  dunng learning, language and certain brain disorders.

and taken up by nerve fibers which can be later dennhied For instance. when compared to normal patients,
under the microscope. people who expenence panic attacks have greater blood

While the use of these and other methods has re-  flow and metabolism in a very specific area of the nght
sulted 1n many advances in knowledge about the workings side of the brain than in the left, even when they are not
of the nervous system and are sull useful today, new meth- having an attack. Duning an acute episode of anxiety, both
ods promise to give even more precise mformation about  normal subjects with anxiety and pavents with panic
the nervous system. parucularly the point of ongin of dis-  attacks seem to engage a simlar portion of the cortex, the
~rders such as epilepsy. temporal obe.

PET should soon enable scientists to identiy the
hiochemi 3! nature of neurological and mental disorders
Positron Emuission Tomography » This method i measunng and deter .une how well therapy 1s working 1n patents.
hramn function 1s based on the detection ¢t positively Another technique. singie photon emission computer
charged parucles emitted bv radioactively labeled sub- tomography {SPECT). 1s similar 1o PET but 1ts pictures are
stances introduced 1nto the body. PET scanning produces  notas detailed. SPECT 1s much less expensive than PET
1 three-dimensional 1mage that reflects metabolic and  because the tracers 1t uses have a much longer haif-life and

IMAGING THOHNIQULS

chemcal activity in the bramn. do not require expensive machinery 1o produce them.

In this techmique, doctors inject into the bloodstream Mugnenc Resonance Imaging o Providinga high qual-
irace amounts of natural bodv compounds or specihc Y three-dimensional 1mage of organs and structures
Jdrugs labeled with a radioactive 1sotope. Since these 1s0-  mside the body without X-rays or other radiauon. MRlim-
topes have a relatively short half-life uwo to 1 {0 runutes’.  ages are unsurpassed n anatomical detail and may reveal
\n accelerator must be nearby to produce them so the  minute changes that occur with ime. MR11s expected 10
Jtudies can be conducted rapdly rell scientists when structural abnormaliies first appear in

These labeled compounds are taken up m brain tissue the course of a discase. how thev affect subsequent devel-
n greater concentrations by areas that are more metaboli-  opment and precisely how their progression correlates
callv active In ussue. these substances emit posuively  with mental and emotional aspects of a disorder.
ghafged particles called positrons. In tur. positrons ¢mit Dunng the hour-long MRI procedure. a pauent hes
photons that are detecied by the scanning machine. nside 2 massive. hollow, cvhindrical magnet and 1s ex-
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posed 1o short bursts of a powertul magneuc held. The
protons of the body's hvdrogen atoms normallv point ran-
domiy in different direcions. but in a magnetic field thev
li::e up parallel to each other hike rows of uny magnets. It
the hvdrogen nucle: are then knocked out of alignment by
a strong puise of radio waves, they produce a detectable
radio signal as they fall back into alignment.

Magnetic cotls 1n the machine detect these signals
and a computer changes them 1nto an image based on dif-
ferent types of body uissue. Tissue containing high levels
of hydrogen (such as fat) produces a bright 1mage: that
containing little or no hydrogen {such as bone) appears
black. (The 1mage is similar to that produced by CT
scanming but MRI generally gives greater contrast between
normal and abnormal ussues.) MRI allows 1mages 1o be
constructed in any plane and 1s parucularly valuable in
studymg the brain and spinal cord. It reveais tumors
rapidly and vividly, indicaung their precise etent. MRl
also produces impressive 1mages of the eve and ear.

Magnetic resonance spectroscopy (MRSY. technique
related 1o MRI which uses the same machinery but exam-
ines chemustry rather than anatomy, also holds great
promise to provide insights into how the brain works. By
measunng the chemical and energy changes that occur in
the brain, MRS has already provided new information on
bramn development and aging, Alzheimers disease,
schizophrenia, autism and stroke. Because 1t 15 safe and
non-invasive. this method 1s 1deally suited to study the
natural course of a disease or 1ts response to therapy.

Magnetic Source Imaging » One of the latest advances
In scanners. magneuc source 1maging (MS1) reveals the
source of weak magneuc fields emitted by neurons finng
electrical signals. An arrav of cvlinder-shaped sensors
monitors the magnetic field pattem near the patient's head
to determine the positions and strengths of acuvity in var-
1ous regions of the brain. By tracking the magnetic fields.
scientists can deterrine the ongn of epilepuc seizures
and responses 10 sound, touch and vision.

\{S] could benefit as many as 200.000 epilepuics
whose seizures often can be prevented by surgery that
removes the area of the brain causing the disorder. It 1s
also uselul in charactenzing certain heaning disorders such
15 Unnius, 4 constant nnging sound n the ears.

Gi Nt DIsososs

The inhented bluepnint for all human charactenstics, genes
consist of short sections of deoxvrbonucerc and IDNA). the
long, spiraling, chainlike structure found on the 23 pairs of
_hromosomes 1n the nucleus of every human cell. All ot an
individual’s genes come from his or her parents and hold
the information for every aspect of bodily growth. develop-
reni. lunction, reproduction and possibly for aging and
death. Genes achieve their effect by directing the manufac-
ture of protemns. Differences in gene SLTUCLUTE are respon-

.ible for the physical differences between people such as
eve. hair and skin color So two. changes in gene structure.
known as mutations, are responsible for many neurological
and psychiatnic disorders.

New gene ciagnosis techniques now make 1t possi-
ble 1o find the chromosomal location of genes responsible
tor neurologic and psychiatnic diseases and to identify
structural changes in these genes.

This tormation 1s useful for detecting individuals
who carry the mutant gene. prenatal dagnosis. classifying
disease and evaluaung certain tumor types and their stage.
Moreover, these methods bode well for eventually defimng
the molecular mechamsms involved in the disease process.

Sigmificant progress has been made in 1dennfying the
regions on chromosomes carrying the defects that resultin
roughly two dozen neurological disorders but prenatal or
carner tests exist for only a handful.

In Huntinglon's disease. scientists have tracked
Jown markers on chromosome # that are very close to the
mutant gene (“linked"™ 1n atfected members of three gen-
cranions 1n a number of different famihies. At this time.
however. for a person at nisk to be tested. suificient num-
bers of family members must be alive to carry out the tests.
Although the hinkage tests can not predict nsk with 100
percent certamty, carner and prenatal tesung has begun at
medical centers in the United States, Canada and Europe.

Someumes pauents with single gene disorders are
found to have a chromosomal abnormality — a deletion or
break 1n the DNA sequence of the gene — that can lead 10
a change 1n genenc matenal that disrupts its normal actvity.

Such 15 the case of some abnormalities found on the
X.chromosome in patients with Duchenne muscular
dystrophy and on chromosome 131n patients with nher-
ted retnoblastoma, a rare childhood eye tumor that {2ads
1o blindness. A chromosomal abnormahty also has been
located for mvotonic dvstrophy, symptoms ol which include
>pasms, muscle wasting and cataracts.

Gene mapping has led 1o the locahizauion on chro-
mosome 21 of the gene encoding the precursor 10 amy-
loid. the peptide that accumulates in semle plagques in
Alzheimer's disease. This discovery shed light on the
reason why individuals with Down syndrome (Trisomy
1) invanably accumulate amylod deposits: they make
too much amylowd as a consequence ol having three
copies instead of two copies of the gene. Although no
mutation of the amylowd gene has been associated with
Ajzheimer s. this gene 1s the site of the mutation in a rare.
hed disorder — hereditary erebral amylodosis with stroke.

Overall. the charactenzation ot the structure and
runction of individual genes causing neurological disor-
ders 15 1n the early stage. And factors that determine vari-
ations 1n the genetic expression of a single-gene abnormal-
v — such as what coninbutes to the carly or late start or
severty of a disorder — are unknown
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POTENTIAL THERAPIES

Ew DRUGS. Most drugs 1n use today have been

screened using ime-consuming techniques in expenmental ammals which do not always reveal precisely why
a drug produces a paruicular effect. But the expanding knowledge of neurotransmtter receptors and new meth-
ods of molecular biclogy — the ability to clone a receptor gene and determine 1ts molecular structure — make

1t possible in principle to design much better agents.

In a test tube. the potency of an agent can be determined by how well it binds to a receptor site. A
pharmacologist then can vary the drug's molecular structure 1o enhance 1ts effect on that parucular receptor.
Thus, subsequent generauons of test drugs can be designed to interact with receptors more efficiently and are

likely to extubit higher potency with fewer side effects.

While this so-cailed “ranonal drug design” holds
promuse for developing drugs for conditions ranging irom
migraine headaches and depression to fear and anxiety. it
will take considerable time and effort to clanfy the role of
different receptors 1n these disorders.

NEUROTROPHIC FACTORS

These body chemicals, which sumulate the growth and
survival of speaific neurons, are one of the most exaung
areas of brain research. They hold promise for treauing 2
wide array of neurodegenerative diseases. SC1enusts have
\dentified half a dozen substances that appear 1o be neu-
rotrophic factors and expect to find many more.

Already, researchers have demonstrated the possible
value of at least one of these factors, nerve growth factor
NGF) Infused nto the brains of rats, NGF has prevented
cell death and sumulated the regeneration and sprouting
of damaged neurons that release acetylcholine. When an-
imals with learning and memory impairments from brain
lesions were treated with NGF. scienusts found that the
rats were able to remember a maze task as well as healthy
rats A human recombinant NGF has the same effect.

Recently, several new lactors have been idenntied and
svnthesized and are now being charactenzed and studied
They are potenually useful for therapy but scientists must
first understand how they may influence neurons

Since the destruction of neurons that use acetvl-
choline 1s one feature of Alzheimer s disease. any sub-
Jtance that can prevent this destruction 1s an important
topic of research. NGF also holds promise for slowing the
cogrutive deficuts associated with normal aging.

Onee a neurotrophic factor for a particular cell tvpe
s tound. copies can he geneucally targeted 1o the area ol

the brain where this type of cell has died. The trealment
probably will not cure a disease but will :mprove symp-
toms and delay progression.

In an interesting twist on growth factor therapy,
researchers have for the first ume shown that an "ant-
growth factor” can help repair damaged nerves. Using a
geneucally engineered antibody to proteins that inhibut
nerve regeneration, Swiss researchers succeeded in getting
nerves of severed spinal cords in rats to regrow.

In these expenments, scienuists completely cut one of
the major groups of nerves in the spnal cord that connect
the spinal cord and the brain. When the genencally
engineered protein IN-1 was 1njected 1nto the brains of
(wo- 10 six-week old rats, “massive sprouting” of nerve
fibers occurred where the spinal cord had been cut. Within
1wo 1o three weeks, neurons grew from about three-tenths
of an inch to four-tenths of an inch. In untreated rats whose
spmal cords were also cut. the maximum distance of regen-
erznion rarely exceeded a tenth of an inch. This research
could eventually lead 1o treatments to repair nerves dam-
aged by accidents. sirokes, penpheral nerve disorders and
a wide vanety of other nervous svstem diseases

TRANSPLANTS

Transplanung healthy neurons to take over the lunction of
damaged neurons has also proved successiul n animals.
scientists have reported reducing symptoms that mimic
Parkinson's disease by injecting genetically altered skin
cells into the brams of rats. The rat skin cells had been
modiltied 1o produce dop.~ the precursor of dopamine, a
tack of which 1s believed to be a cause of Parkinson s.
Researchers took skin cells from rats and used a
moditied virus to nsert genes that produce the enzvme
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New working gene

Patten: with
Parkinsons
Disease

Skin ceils removed

... and grown in culture

Genencally engineesed cells cultured and injecied
back snto patient to produce dopanune

New genetic matenal

tyrosine hvdroxylase. This enzyme converls a common amino acid, tvrosine, into dopa.
Other enzymes in the brain convert dopa into dopamine.

The skin cells, converted into dopa factones, were injected 1nto the brains of
rats that had been purposely injured to cause neurological detenoration that mimics
parkinson’s. Rats wath this damage develop behavior that causes them to walk n
circles. When the cells were transplanted into the brains of rats whase brains con-
Lained the lesions. the amimals showed a 40 percent reduction in abp~rmal behavior.

Once perfected. this “indirect gene therapy” techmque could be an alternative
10 fetal cell implants that have proved successful against Parkinson’s 1n early research
but raise moral and political questions about the ethics of their use.

Implantation of fetal cells secreung dopamine recently has been shown to slow
the progression of Parkinson's in a single pauent, a 49.vear-old man with
«evere disease. In the procedure. brain cells from eight-1o nine-week-old fetuses
were mixed in a substance resembling body fluids. Then the solution was passed
through a narrow tube directly 1nto the brain of the patient so that the fetal cells.
when 1mplanted, matured into adult cells in an area where brain cells had been
dving as a result of Parkinson's.

These are just a few examples of a broad range of opportunities neuroscientists
are investigaung for new therapies. In separale expenments, they are transplanting
adrenal cells and olfactory neurons into the bramn. In the future, computer-driven
clectronic implants may help restore vision and neuromuscular function.

o
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Gest THERAPY. In one potential
gene therapy techmgue. saen-
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symploms.
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